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Description 

Background of the Invention 
[Field of the Invention] 

[0001] The present invention relates 1o an electric power steering control system for assisting steering force with a 
motor. 

[Description of the Prior Art] 

[0002] Fig. 16 is a block diagram showing the constitution of an electric power steering control system of the prior 
art disclosed in Mitsubishi Technical Report Vol. 70, No. 9, pp.43-48, for example. In Fig. 16, reference numeral 1 
denotes a torque sensor for detecting steering torque when a driver steers an, automobile, 2 a phase compensator for 
improving the frequency characteristics of the output signal of the torque sensor 1,3a torque controller for computing 
an assist torque current for assisting the steering torque based on the phase compensated output of the torque sensor 
1,4a damping controller for computing a damping current based on the rotation angle speed com of a motor 8 computed 
by unshown motor angle speed computing means, for example, 5 a compensation controller which consists of a friction 
compensator 5a for computing a friction compensation current for compensating the friction torque of the motor 8 and 
an inertia compensator 5b for computing an inertia compensating current for compensating the inertia moment of the 
motor 8 and which computes the above friction computing current based on the above <o u and the above inertia com- 
pensating current based on the rotation angle acceleration (de> M /dt) obtained by differentiating the above coy, and 6 an 
adder for computing a target current by adding the assist torque current computed by the above torque controller 3, the 
damping current computed by the damping controller 4, and the friction compensating current and the inertia compen- 
sating current computed by the compensation controller 5. Denoted by 7 is a current controller for comparing the target 
current computed by the above adder 6 with the drive current of the motor 8 output from a current detector 9 and car- 
rying out current control to ensure that the drive current becomes equal to the target current 
[0003] A description is subsequently given of the operation of the electric power steering control system of the prior 
art. 

[0004] when a driver operates the steering wheel of the automobile, steering torque at this point is measured by the 
torque sensor 1 , phase compensated by the phase compensator 2 to improve frequency characteristics thereof, and 
applied to the torque controller 3. The torque controller 3 computes an assist torque current almost proportional to the 
output signal of the torque sensor 1 whose frequency characteristics have been improved, the steering torque of the 
driver is assisted by driving the motor 8 based on the above assist torque current, and the steering torque of the driver 
is thereby reduced. 

[0005] At this.point, to stabilize the movement of the steering wheel, the damping controller 4 computes a damping 
current proportional to the motor rotation angle speed a^, and the damping current is added to the above assist torque 
current. To compensate for the influence of the friction of the motor 8, the friction compensation controller 5a adds a 
friction compensating current which changes according to the sign of the motor rotation angle speed <a M . To compen- 
sate for the influence of the inertia moment of the motor 8, the inertia compensation controller 5b adds an inertia com- 
pensating current proportional to the motor rotation angle acceleration (d® M /dt) obtained by differentiating the motor 
rotation angle speed o^. These compensating currents are added to the above assist torque current to compute a tar- 
get current, and the current controller 7 controls a drive current to be supplied to the motor 8 based on the target current 
to generate assist torque proportional to the drive current, thereby reducing the steering torque of the driver and stabi- 
lizing the movement of the steering wheel. The above controllers 3, 4 and 5 change control parameters according to car 
speed. 

[0006] The assist torque current computed by' the torque controller 3 takes a value almost proportional to the output 
signal of the torque sensor 1 whose frequency characteristics have been improved by the phase compensator 2. At this 
point, as the larger the torque proportional gain set by the above torque controller 3 the greater the assist torque 
becomes, thereby making it possible to reduce the steering torque of the driver. However, when the torque proportional 
gain is increased, the oscillation of a control system occurs and the driver feels uncomfortable torque oscillation. There- 
fore, the torque proportional gain cannot be simply increased. 

[0007] To prevent the above oscillation, means of increasing a damping current is conceivable. However, in the prior 
art, when compensation is made to increase the damping current, this damping compensation functions as resistance 
when the steering wheel is turned; thereby increasing steering torque. Therefore, a large damping current cannot be 
added. Consequently, the torque proportional gain cannot be increased and the steering torque of the driver cannot be 
fully reduced when great assist torque is required as in the case where the steering wheel is turned while an automobile 
is stopped. 
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[0008] It is an object of the present invention which has been made to solve the above problems to provide an elec- 
tric power steering control system which can reduce steering torque without making a driver feel uncomfortable torque 
oscillation. 

Summary of the Invention 

[0009] Accoi«ding to a first aspect of the present invention, there is provided an electric power steering control sys- 
tem which comprises steering torque detection means for detecting the steering torque of a driver, a motor for generat- 
ing torque for assisting the steering torque, rotation speed detection means for estimating or measuring the rotation 
speed of the motor and steering component removing means for removing a steering speed component from the esti- 
mated or measured rotation speed of the motor, and computes a damping current from a signal obtained by removing 
a steering speed component from a motor rotation speed measurement or estimation signal. 

.[001 0] According to a second aspect of the present invention, there is provided an electric power steering control 
system wherein the steering component removing means is a frequency separator for separating the frequency of the 
rotation speed of the motor and removing a steering frequency component from the rotation speed of the motor. 
[001 1 ] According to a third aspect of the present invention, there is provided an electric power steering control sys- 
tem wherein the steering component removing means is a high-pass filter whose folding point frequency is set to a 
range of 0.2 to 30 Hz. 

[0012] According to a fourth aspect of the present invention, there is provided an electric power steering control 
system wherein the rotation speed detection means is a rotation speed estimation unit for estimating the reverse volt- 
age of the motor by subtracting a coil voltage drop equivalent value in the motor computed based on a motor current 
detection value or instruction value from a motor inter-terminal voltage measurement value or instruction value and 
computing a motor rotation speed estimation value based on the estimated reverse voltage. 
[001 3] According to a fifth aspect of the present invention, there is provided an electric power steering control sys- 
tem wherein the coil voltage drop equivalent value is computed by reverse characteristics computing means for obtain- 
ing a coil voltage corresponding to the reverse characteristics of coil impedance from a current detection value or 
instruction value to be applied to the motor. 

[001 4] According to a sixth aspect of the present invention, there is provided an electric power steering control sys- 
tem wherein the reverse characteristics computing means has such frequency characteristics that gain and phase 
thereof agree with the reverse characteristics of coil impedance only at a frequency at which steering oscillation occurs 
at the time of steering. 

[001 5] According to a seventh aspect of the present invention, there is provided an electric power steering control 
system wherein the rotation speed detection means comprises second steering component removing means for remov- 
ing a steering component from a motor rotation angle detection value, third steering component removing means for 
removing a steering component from a current detection value or instruction value to be applied to the motor, and a 
rotation speed observer for computing a motor rotation speed estimation value based on a motor rotation angle and a 
motor current output from the second and third steering component removing means, which is constructed for an oscil- 
lation equation containing the inertia moment of the motor as an inertia term and the rigidity of the torque sensor as a 
spring term, and computes a damping current based on the motor rotation speed estimation value from which a steer- 
ing speed component is removed and which is computed by the rotation speed observer. 

[001 6] According to an eighth aspect of the present invention, there is provided an electric power steering control 
system wherein the rotation speed detection means comprises third steering component removing means for removing 
a steering component from a current detection value or instruction value to be applied to the motor, fourth steering com- 
ponent removing means for removing a steering component from the output of the steering torque detection means, 
and a rotation speed observer for computing a motor rotation speed estimation value based on a motor current output 
and the steering torque output from the third and fourth steering component removing means, which is constructed for 
an oscillation equation containing the inertia moment of the motor as an inertia term and the rigidity of the motor as a 
spring term, and computes a damping current based on the motor rotation speed estimation value from which a steer- 
ing speed component is removed and which is computed by the rotation speed observer. 

[001 7] According to a ninth aspect of the present invention, there is provided an electric power steering control sys- 
tem which further comprises car speed detection means to change a frequency range to be removed by any one or all 
of the above steering component removing means according to car speed. It is desirable that the parameters of a con- 
trol system be variable according to car speed. 

[001 8] The above and other objects, features and advantages of the invention will become more apparent from the 
following description when taken in conjunction with the accompanying drawings. 
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Brief Description of the Accompanying Drawings 
[0019] 

Fig. 1 is a block diagram showing the constitution of an electric power steering control system according to Embod- 
iment 1 of the present invention; 

Fig. 2 is a flow chart showing algorithm of Embodiment 1 ; 

Fig. 3 is a block diagram showing the constitution of an electric power steering control system according to Embod- 
iment 2 of the present invention; 
Fig. 4 is a flow chart showing algorithm of Embodiment 2; 

Fig. 5 is a block diagram showing the constitution of an electric power steering control system according to Embod- 
iment 3 of the present invention; 
Fig. 6 is a flow chart showing algorithm of Embodiment 3; 
Fig. 7 is a flow chart showing algorithm of Embodiment 4; 
Fig. 8 is a flow chart showing algorithm of Embodiment 5; 

Figs. 9(A) and 9(B) are graphs showing the characteristics of a filter corresponding to the reverse characteristics of 
a coil used in Embodiment 5; 

Fig. 10 is a block diagram showing the constitution of an electric power steering control system according to 

Embodiment 6 of the present invention; 

Fig. 1 1 is a flow chart showing algorithm of Embodiment 6; 

Fig. 12 is a block diagram showing the constitution of an electric power steering control system according to 
Embodiment 7 of the present invention; 
Fig. 1 3 is a flow chart showing algorithm of Embodiment 7; 
■ Fig. 14 is a block diagram showing the constitution of ah electric power steering control system according to 
Embodiment 8 of the present invention; 
Fig. 1 5 is a flow chart showing algorithm of Embodiment 8; and 

Fig. 16 is a block diagram showing the constitution of an electric power steering control system of the prior art. 
Detailed Description of the Preferred Embodiments 

[0020] Preferred embodiments of the present invention will be described hereinunder with reference to the accom- 
panying drawings. 

Embodiment 1 

[0021] Fig. 1 is a block diagram showing the constitution of an electric power steering control system according to 
Embodiment 1 of the present invention. In Fig. 1, reference numeral 1 denotes a toque sensor for detecting steering 
torque when a driver steers an automobile, 2 a phase compensator for phase compensating the output signal of the 
torque sensor 1 to improve frequency characteristics thereof, 3 a torque controller for computing an assist torque cur- 
rent for assisting the steering torque based on the phase compensated output of the torque sensor 1 , 11a rotation 
speed high-pass filter which is steering component removing means for separating the frequency of a motor rotation 
speed signal output from a motor rotation speed sensor 1 0 such as a tachometer generator to remove a steering fre- 
quency component from the motor rotation speed signal (to be referred to as "rotation speed HPF" hereinafter), 4 a 
damping controller for computing a damping current for controlling the damping characteristics of steering based on the 
output of the rotation speed HPF 1 1 , and 6 an adder for computing a target current by adding the assist torque current 
computed by the torque controller 3 and the damping current computed by the damping controller 4. Denoted by 7 is a 
current controller for setting a drive voltage instruction value to be applied to the terminals of a motor 8 such that a drive 
current detection value to be applied to the motor 8 to generate assist torque and detected by a current detector 9 
becomes equal to the above target current and outputting it as a PWM signal, for example. 

[0022] In the present invention, when target current computing means 20 which comprises the phase compensator 
2, the rotation speed HPF 1 1 and the like encircled by a one-dotted line in the block diagram of Fig. 1 is constructed by 
microcomputer software alone, it is possible to solve the problems of the prior art. The case where the target current 
computing means 20 is constructed by microcomputer software will be described hereinunder. The above target current 
computing means 20 has unshown memories such as RAM's or ROM's for each or some of constituent elements and 
receives data such as the detection value of the torque sensor 1 and the like at intervals of a predetermined control 
sampling time, converts them into digital data and stores the digital data in data writing memories such as RAM's. 
[0023] The rotation speed HP F 1 1 which is the steering component removing means will be described hereinunder. 
[0024] Generally speaking, the frequency of steering by the driver is about 3 Hz or less. The steering frequency at 
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the time of changing the lane is around 0.2 Hz and steering is carried out at such a low frequency in many cases. In 
contrast to this, the frequency at which steering oscillation easily occurs is 30 Hz or more and hence, can be separated 
from the steering frequency. Therefore, by constructing the steering component removing means by a frequency sepa- 
rator for separating the frequency of the estimated or measured rotation speed of the motor and removing a steering 
s frequency component from the rotation speed of the motor, the steering component can be removed from the rotation 
speed of the motor. 

[0025] To remove a low frequency component, a high-pass filter is generally used as the frequency separator. By 
passing the rotation speed of the motor 8 output from the motor rotation speed sensor 10 through the high-pass filter, 
a steering component which is a low frequency component can be removed. When the folding point frequency of the 

10 high-pass filter is set low at this point, a steering component easily remains and when the folding point frequency is set 
high, the phase shift of a steering oscillation component of the rotation speed of the motor obtained by passing through 
the high-pass filter is large.. Therefore, by setting the folding point frequency of the high-pass filter to a range from a gen- 
eral steering frequency to a frequency at which steering oscillation occurs, it is made possible to remove a steering fre- 
quency component from the rotation speed of the motor, leaving a steering oscillation component untouched. In this 

is Embodiment 1 , a high-pass filter whose folding point frequency is set to a range of 0.2 to 30 Hz to achieve the maximum 
frequency of steering by an ordinary driver is used to remove a component of the rotation speed of the motor properly. 
[0026] A description is subsequently given of the operation of the above electric power steering control system with 
reference to the flow chart of Fig. 2. The present invention differs from the prior art in the method of computing a target 
current to be output to the current controller 7, that is, algorithm for computing a target current by means of the target 

2d current computing means 20 of Fig. 1 . As for the control of a drive current to be applied to the motor 8, control which is 
( generally carried out, such as current F/B control of PID system or open-loop control based on a target current and a 

motor rotation signal, may be carried out based on digital or analog system. Therefore, only algorithm for computing the 
target current of the motor 8 by means of the target current computing means 20 will be described hereinunder. 
[0027] lnstepS101,theoutputofthetorquesensor1 is read to a microcomputer and stored in a memory, instep 

25 S1 02, the motor rotation speed signal of the motor rotation speed sensor 1 0 is read and stored in a memory. In the next 
step S1 03, the phase compensator 2 reads the output of the torque sensor 1 stored in the memory, carries out compu- 
tation for phase compensation and stores the result of computation in the memory as the output of the phase compen- 
sator 2. In step S104, the torque controller 3 reads the output of the phase compensator 2 stored in the memory, 
computes an assist torque current from a map and stores it in the memory. 

30 [0028] In step Si 05, the rotation speed HPF 1 1 reads the motor rotation speed signal stored in the memory, carries 
out the computation of a high-pass filter and stores the result of computation in the memory as the output of the rotation 
speed HPF. In step S106, the damping controller 4 reads the output of the rotation speed HPF stored in the memory, 
computes a damping current by multiplying the output by a control gain and stores it in the memory. 
[0029] In step S1 07, the adder 6 adds the assist torque current and the damping current stored in the memories to 

35 obtain a target current and stores the target current in the memory. 

[0030] The operation of the above steps from S101 to S107 is repeated for each control sampling, and the target 
current of the motor 8 is computed from the phase compensated output of the torque sensor 1 and the motor rotation 
speed signal from which a steering frequency component has been removed. 

[0031] The map showing the relationship between the output of the torque sensor 1 and the assist torque current 
/ 40 used in the above step S104, a map required for the computation of the target current such as the control gain for com- 
V puting the damping current used in the above step S1 06, and constants such as a proportional coefficient are prestored 

in the ROM's. 

[0032] In the above Embodiment 1 , the assist torque current is obtained by map computation and the damping cur- 
rent is obtained by gain multiplication. Both the assist torque current and the damping current may be obtained by either 

45 one of map computation and gain multiplication. 

[0033] In the above example, the phase compensator 2 is a digital phase compensator but may be an analog phase 
compensator. Alternatively, the phase compensator 2 may comprise a plurality of analog and digital phase compensa- 
tors. In this case, the above step S1 01 is to read the output of the analog phase compensator obtained by phase com- 
pensating the output of the torque sensor 1 and not the output of the torque sensor 1 and to store it in the memory. 

so When the phase compensator 2 is an analog phase compensator, the computation of the above step 1 03 is not neces- 
sary. 

[0034] In the above example, the rotation speed of the motor is detected by the motor rotation speed sensor 10 
such as a tachometer generator. A motor rotation angle signal may be detected by a rotary encoder, for example, and 
differentiated to obtain the rotation speed of the motor. 
55 [0035] In the above Embodiment 1 , the target current is obtained from the output of the torque controller 3 and the 
output of the damping controller 4. Like the prior art, a compensation controller 5 which comprises a friction compen- 
sation controller 5a and an inertia compensation controller 5b may be added to obtain the target current by further add- 
ing the output of the friction compensation controller and the output of the inertia compensation controller. 
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[0036] Thus, in this Embodiment 1 , after a steering frequency component is removed from the motor rotation speed 
signal detected by the motor rotation speed sensor 10 using the rotation speed HPF 1 1 , the damping current is com- 
puted by the damping controller 4 based on the output of the rotation speed HPF from which the above steering fre- 
quency component has been removed, thereby making it possible to prevent the oscillation of a control system even 
5 when the torque proportional gain is made large. Therefore, since damping can be made powerful by increasing the 
control gain (torque proportional gain) of the damping controller 4, the steering torque can be reduced without making 
the driver feel the vibration of the steering wheel. 

Embodiment 2 

[0037] Fig. 3 is a block diagram showing the constitution of an electric power steering control system according to 
Embodiment 2 of the present invention. In the above Embodiment 1 , the rotation speed HPF 1 1 is provided and a damp- 
ing current is computed based on the output of the rotation speed HPF which is obtained by removing a steering fre- 
quency component from the motor rotation speed signal from the motor rotation speed sensor 10. In this Embodiment 

is 2, as shown in Fig. 3, the motor rotation speed sensor 10 is omitted, an inter-terminal voltage detector 12 for detecting 
voltage between the terminals of the motor 8 and a rotation speed estimation unit 13 for estimating the rotation speed 
of the motor 8 based on an inter-terminal voltage detection value detected by the inter-terminal voltage detector 12 and 
a drive current detection value detected by the current detector 9 are provided to estimate the rotation speed of the 
motor, a motor rotation speed estimation signal output from the rotation speed estimation unit 13 is applied to the rota- 

so tion speed HPF 1 1 to remove a steering frequency component from the motor rotation speed estimation signal, and the 
damping controller 4 computes a damping current based on the output of the rotation speed HPF from which the above 
steering frequency component has been removed. 

[0038] A description is subsequently given of the operation of the above electric power steering control system with 
reference to the flow chart of Fig. 4. Only algorithm for computing a target current by means of the target current com- 

ss puting means 20 in this Embodiment 2 will be described like the above Embodiment 1 . 

[0039] The output of the torque sensor 1 is first read and stored in the memory in step S20 1 , a drive current detec- 
tion value is read from the current detector 9 and stored in the memory in step S202, and an inter-terminal voltage 
detection value is read from the inter-terminal voltage detector 12 and stored in the memory in step S203. In step S204, 
the phase compensator 2 reads the output of the torque sensor stored in the memory, carries out computation for phase 

30 compensation and stores the result of computation in the memory as the output of the phase compensator. In step 
S205, the torque controller 3 reads the output of the phase compensator stored in the memory, computes an assist 
torque current from the map and stores it in the memory. 

[0040] In step S206, the rotation speed estimation unit 13 reads the drive current detection value () sns ) and the 
inter-terminal voltage detection value (V t . sns ) stored in the memories, computes a motor rotation speed estimation sig- 
35 nal (©est_bk) fr om the following equation (1 ) and stores it in the memory. 

« 6S VbK = (V,. sns -V com p-l sns xR ao )/K 9C (1) 

[0041 ] In the above equation (1 ) , V comp is a compensation value corresponding to a voltage drop V drop of coil appli- 
40 cation voltage V a for the inter-terminal voltage V, of the motor 8, R ao is a coil resistance equivalent value and is a 
reverse voltage constant equivalent value. How to compute the above motor rotation speed estimation signal <D es t_bk 
will be described in detail hereinafter. 

[0042] In the subsequent step S207, the rotation speed HPF 1 1 reads the motor rotation speed estimation signal 
toestjsk stored in the memory, carries out the computation of a high-pass filter and stores the result of computation in 
45 the memory as the output of the rotation speed HPF. In step S208, the damping controller 4 reads the output of the rota- 
tion speed HPF stored in the memory, and multiplies it by a control gain to compute a damping current. In step S209, 
the adder 6 adds the assist torque current and the damping current stored in the memories to obtain a target current 
and stores the target current in the memory. 

[0043J The operation of the above steps from S201 to S209 is repeated for each control sampling, and the target 
so current of the motor 8 is computed from the phase compensated output of the torque sensor and the motor rotation 
speed estimation signal from which a steering frequency component has been removed. 

[0044] How to compute the motor rotation speed estimation signal co est bk will be described hereinunder in detail. 
[0045] The reverse voltage V e of the motor is expressed as the product of a known reverse voltage constant Kg and 
a motor rotation speed a> according to the following equation (2). 

55 

V e = K e -(o (2) 
[0046] By estimating the reverse voltage V e of the motor, the motor rotation speed estimation signal o sst bk which 
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is an estimation value of the motor rotation speed ra can be obtained from a = V e /K e according to the above equation 
V 9 = K e -o>. 

[0047] The reverse voltage V e can be computed from a coil application voltage V a and a coil voltage drop V 0 as 
shown in the following equation (3). 



[0048] The coil voltage drop V c is obtained from an already known coil resistance value R a , coil inductance value 
L a and motor current l a according to the following equation (4). 

V 0 = R a -l a + L a -(dl a /dt) (4) 

[0049] In the above equation (4), the second term of the right side signifies the influence of inductance. Since the 
influence of inductance is small at a frequency range other than a high frequency range and noise is readily superim- 
is posed on a signal obtained by differentiating a current detection value, the coil voltage drop Vc is often represented by 
the following equation (5) in which the above second term is omitted. 

V c = R a -l a (5) 

20 [0050] Although the coil application voltage Va cannot be measured directly, since the relationship between motor 
inter-terminal voltage V, and coil application voltage V a is represented by the following equation (6), the value of coil 
application voltage V a can be estimated by grasping the characteristics of voltage drop V drop from V, to V a . 

V a = V,-V drop (6) 

[0051] Therefore, since the reverse voltage V e of the motor is obtained from the above equations (3), (5) and (6), 

V e = V a -V c =V a -R a .| a =V,-V drop -R a -l a 

30 the motor rotation speed estimation signal eo estb( < can be obtained from an inter-terminal voltage detection value V t . sns 
corresponding to the above motor inter-terminal voltage V t , a compensation value V comp corresponding to the voltage 
drop V drop from the motor inter-terminal voltage V, to the coil application voltage V a , a drive current detection value l sns 
corresponding to the above motor current l a , a coil resistance equivalent value R ac corresponding to the above coil 
resistance value R a , and a reverse voltage constant equivalent value Ke C corresponding to the above reverse voltage 

35 constant Kg. 

[0052] The equation (1) for computing the motor rotation speed estimation signal a> es1 is given below once more. 

»es._bk = (V,.sns " V comp " "sns * Rac^ec (1) 

40 [0053] The above equation (1) is obtained by writing the above physical equations (2), (3), (5) and (6) on software 
and parameters R ac and are prestored in the ROM. Since the above voltage drop V drop depends on a current value, 
the above V comp is prestored in the ROM as a map value for the drive current detection value l Ene . When V drop is suffi- 
ciently small, the compensation value V comp may be regarded as "0". 

[0054] In this Embodiment 2, the rotation speed estimation unit 13 for estimating the rotation speed of the motor 8 
45 based on the inter-terminal voltage detection value V t . sns detected by the inter-terminal voltage detector 12 and the 
drive current detection value l sns detected by the current detector 9 is provided to compute the motor rotation speed 
estimation signal ©sstj*, and this motor rotation speed estimation signal a> es t_bk is applied to the rotation speed HPF 
1 1 to compute a damping current based on the output of the rotation speed HPF from which a steering frequency com- 
ponent has been removed. Therefore, the expensive motor rotation speed sensor 10 is not necessary, thereby making 
so it possible to reduce the cost of the electric power steering control system. 



[0055] Fig. 5 is a block diagram showing the constitution of an electric power steering control system according to 
55 Embodiment 3 of the present invention. In the above Embodiment 2, the motor rotation speed estimation signal a> est _ bk 
is obtained by estimating the rotation speed of the motor by the rotation speed estimation unit 13 for estimating the rota- 
tion speed of the motor from the inter-terminal voltage detection val ue V t _ sns of the motor and the drive current detection 
value l sns - In this Embodiment 3, as shown in Fig. 5, a rotation speed estimation unit 13 for estimating the rotation speed 
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of the motor 8 based on the target current and the inter-terminal voltage instruction value from the current controller 7 
is provided to compute the motor rotation speed estimation signal <o est _ bk , and this motor rotation speed estimation sig- 
nal e>esi_bk 'S applied to the above rotation speed HPF 1 1 to compute a damping current based on the output of the rota- 
tion speed HPF from which a steering frequency component has been removed. The above target current and the inter- 
5 terminal voltage instruction value are values set by the controller (current controller 7). The target current from the cur- 
rent controller 7 is a current value to be applied to the motor 8. 

[0056] A description is subsequently given of the operation of the above electric power steering control system with 
reference to the flow chart of Fig. 6, focusing on algorithm for computing a target current. 

[0057] In step S301 , the output of the torque sensor is read and stored in the memory. In step S302, the phase corn- 
to pensator 2 reads the output of the torque sensor stored in the memory, carries out computation for phase compensation 
and stores the result of computation in the memory as the output of the phase compensator. In step S303, the torque 
controller 3 reads the output of the phase compensator stored in the memory, computes an assist torque current from 
the map and stores it in the memory. 

[0058] In step S304, the rotation speed estimation unit 13 reads a drive current detection value l ref computed and 
15 stored in the memory by the adder 6 and a drive voltage instruction value V t ind computed and stored in the memory by 
the current controller 7, computes the motor rotation speed estimation signal e> es ,_bk according to the following equation 
(7) and stores it in the memory. 

0> 6S t_bk = (Vt ind " V com P - V cornp2 - 1 re , x R ac )/K 6C (7) 

so 

[0059] The above V 00mp2 is a compensation value corresponding to the voltage drop (V tJnd - V,) from the drive volt- 
age instruction value to the inter-terminal voltage of the motor and prestored in the ROM as a map value for the drive 
current detection value l sns because the voltage drop depends on a current value. When the voltage drop from the drive 
voltage instruction value to the inter-terminal voltage is sufficiently small, the above V comp2 may be regarded as "0". 

ss [0060] In the subsequent step S305, the rotation speed HPF 1 1 reads the motor rotation speed estimation signal 
^esLbk stored in the memory, carries out the computation of a high-pass filter and stores the result of computation in 
the memory as the output of the rotation speed HPF. In step S306, the damping controller 4 reads the output of the rota- 
tion speed HPF stored in the memory and computes a damping current by multiplying the output by a control gain. In 
step S307, the adder 6 adds the assist torque current and the damping current stored in the memories to obtain a target 

30 current and stores the target current in the memory. 

[0061] The operation of the above steps from S301 to S307 is repeated for each control sampling, and the target 
current of the motor 8 is computed from the phase compensated output of the torque sensor and the motor rotation 
speed signal from which a steering frequency component has been removed. 

[0062] Thus, in this Embodiment 3, the rotation speed estimation unit 13 for estimating the motor rotation speed 
35 estimation signal a> sst _ bk from the drive voltage instruction value V,_ irid and the target current i raf set by the controller is 
provided, and the damping current is computed based on the output of the rotation speed HPF which is the motor rota- 
tion speed estimation signal » esl _bk from which a steering frequency component has been removed by the rotation 
speed HPF 1 1 . Therefore, the damping current can be obtained accurately without being influenced by noise when a 
drive current, terminal voltage or the like is detected. 
40 [0063] In the above Embodiment 3, a voltage and current to be applied to the motor are an instruction value and 
target value set by the controller (current controller 7). Either one of them may be a measured detection value. 

Embodiment 4 

45 [0064] Embodiment 4 of the present invention will be described next. 

[0065] In this Embodiment 4, only arithmetic algorithm for computing the motor rotation speed estimation signal 
(®est_bk) by means of the rotation speed estimation unit 13 in the above Embodiment 2 is changed, the motor rotation 
speed estimation signal (o eatJ)k ) is computed, taking into consideration the characteristics of coil inductance, and the 
oscillation frequency component of the rotation speed of the motor 8 can be estimated accurately even when steering 

so oscillation is generated at a high frequency. The constitution of the electric power steering control system of this 
Embodiment 4 is the same as that of the block diagram of Fig. 3. 

[0066] Only algorithm for computing a target current will be described with reference to the flow chart of Fig. 7. 
[0067] The output of the torque sensor is read and stored in the memory in step S401 , a drive current detection 
value is read and stored in the memory in step S402, and an inter-terminal voltage detection value is read and stored 
55 in the memory in step S403. In step S404, the phase compensator 2 reads the output of the torque sensor stored in the 
memory, carries out computation for phase compensation and stores the result of computation in the memory as the 
output of the phase compensator. In step S405, the torque controller 3 reads the output of the phase compensator 
stored in the memory, computes an assist torque current from the map and stores it in the memory. 
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[0068] Steps S406 and S407 indicate the operation of the rotation speed estimation unit 1 3. In step S406, the drive 
current detection value l sns and the inter-terminal voltage detection value V t sns stored in the memories are read and a 
difference between the drive current detection value l sn s(k) of the current sampling time and the drive current detection 
value l sn s(k-1) of the previous sampling time is obtained to compute a differential value (dl sns ) of the drive current detec- 
tion value (l 5n5 ) as shown in the following equation (8). 

dl sns (k) = {l sns (k) - l^lk-ip^ (8) 
wherein K is the number of times of control sampling and T samp is a control sampling time. 

[0069] In the subsequent step S407, after a coil voltage drop V c is obtained from the drive current detection value 
'sns and d 'sns( k ) obtained from the above equation (8) by reverse characteristics computing means for obtaining a coil 
voltage corresponding to the reverse characteristics of coil impedance from a coil current, a motor rotation speed esti- . 
mation signal (co est _ bk ) is computed according to the following equation (9) and stored in the memory. 

»es U bk = (V,_ sns -V oomp -l sns xR ao -L ac xdl al3 )/K eo (9) 

wherein is a coil inductance equivalent value and -L ac x dl sns /K ec is a term relating to the characteristics of coil 
inductance. 

[0070] In the subsequent step S408, the rotation speed HPF 1 1 reads the above motor rotation speed estimation 
signal ©asy* stored in the memory, carries out the computation of a high-pass filter, and stores the result of computa- 
tion in the memory as the output of the rotation speed HPF. In step S409, the damping controller 4 reads the output of 
the rotation speed HPF stored in the memory and computes a damping current by multiplying the output by a control 
gain. In step S41 0, the adder 6 adds the assist torque current and the damping current stored in the memories to obtain 
a target current and stores the target current in the memory. 

[0071] The operation of the above steps from S40 1 to S41 0 is repeated for each control sampling, and the target 
current of the motor 8 is computed from the phase compensated output of the torque sensor and the motor rotation 
speed estimation signal from which a steering frequency component has been removed. 

[0072] The equation (9) for computing the motor rotation speed estimation signal <o sstbk is obtained by writing the 
above physical equations (2) to (4) and (6) on software and the above coil inductance equivalent value L ac is prestored 
in the ROM like R ac and K^. 

[0073] Thus, in this Embodiment 4, when the rotation speed of the motor is estimated by obtaining a coil voltage 
drop equivalent value from the inter-terminal voltage detection value and the drive current detection value of the motor 
8, the characteristics of coil inductance are taken into consideration. Therefore, the oscillation frequency component of 
the rotation speed of the motor 8 can be accurately estimated even when steering oscillation occurs at a high frequency. 
[0074] In the above Embodiment 4, the motor rotation speed estimation signal (<a e st_bi<) is computed from the drive 
current detection value (l sns ) and the inter-terminal voltage detection value (V t sns ). Like Embodiment 3, the motor rota- 
tion speed estimation signal (on^u*) ma y be computed using either one or both of a voltage value to be applied to the 
motor 8 and a current value to be applied to the motor 8 as a drive voltage instruction value or/and a target current. 

Embodiment 5 

[0075] Embodiment 5 of the present invention will be described next. 

[0076] In Embodiment 5, only arithmetic algorithm for computing the motor rotation speed estimation signal by 
means of the rotation speed estimation unit 13 in the above Embodiment 2 is changed, the characteristics of coil induct- 
ance are taken into consideration when the rotation speed of the motor is estimated from the inter-terminal voltage 
detection value and the drive current detection value of the motor 8, the reverse characteristics computing means for 
obtaining a coil voltage drop equivalent value has such frequency characteristics that gain and phase thereof agree with 
the reverse characteristics of coil impedance only at a frequency at which steering oscillation occurs at the time of steer- 
ing, and the rotation speed of the motor is estimated accurately only at a frequency at which steering oscillation occurs. 
The constitution of the electric power steering control system of this Embodiment 4 is the same as that of the block dia- 
gram of Fig. 3. 

[0077] Only algorithm for computing a target current will be described hereinunder with reference to the flow chart 
of Fig. 8. 

[0078] The output of the torque sensor is first read and stored in the memory in step S501 , a drive current detection 
value is read and stored in the memory in step S502, and an inter-terminal voltage detection value is read and stored 
in the memory in step S503. In step S504, the phase compensator 2 reads the output of the torque sensor stored in the 
memory, carries out computation for phase compensation and stores the result of computation in the memory as the 
output of the phase compensator. In step S505, the torque controller 3 reads the output of the phase compensator 
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stored in the memory, computes an assist torque current from the map and stores it in the memory. 
[0079] Steps S506 and S507 indicate the operation of the rotation speed estimation unit 13. In step S506, the drive 
current detection value (l sns ) and the inter-terminal voltage detection value (V,_ sns ) stored in the memories are read, 
and the drive current detection value (l sns ) is processed by a filter to compute a coil voltage drop equivalent value V 0 . 
5 est according to the following equation (19). 

x(k+1) = l sns (k)-G comp1 -{l sns (k)-x(k)} (10) 

V c . est (k) = G romp3 • [(x(k) + G comp2 • {I sns (k) - x(k)J] 

10 

wherein G oomp1 , G oomp2 and G oomp3 are parameters of the filter obtained when an analog filter corresponding to the 
transmission function G(s) of the following equation (1 1) is digitized and prestored in the ROM. X(k) is ah intermediate 
state value when the coil voltage drop equivalent value V c . est is obtained from the drive current detection value l sns . 
When k = 0, the initial value prestored in the ROM is read to carry out computation. 

15 

G(s) = 0^3 • {(T comp1 • S + 1)/(T eomp2 -8+1)} (11) 

[0080] The filter of the above equation (1 1) sets the parameters T comp1 , T comp2 and G comp3 such that gain and 
phase thereof agree with the reverse characteristics of the actual coil at a frequency at which steering oscillation occurs 
20 as shown in the graphs of Fig. 9. 

[0081] in the subsequent step S507, the motor rotation speed estimation signal (o est bk is computed from V c est (k) 
obtained from the above equation (10) according to the following equation (12) and stored in the memory. 

ss 

[0082] In the following step S508, the rotation speed HPF 11 reads the above motor rotation speed estimation sig- 
nal e>est_bk stored in the memory, carries out the computation of a high-pass filter and store the result of computation in 
the memory as the output of the rotation speed HPF. |n step S509, the damping controller 4 reads the output of the rota- 
tion speed HPF stored in the memory and computes a damping current by multiplying the output by a control gain. In 
30 step S51 0, the adder 6 adds the assist torque current and the damping current stored in the memories to obtain a target 
current and stores the target current in the memory. 

[0083] The operation of the above steps from S501 to S510 is repeated for each control sampling, and the target 
current of the motor 8 is computed from the phase compensated output of the torque sensor arid the motor rotation 
speed estimation signal from which a steering frequency component has been removed. 

35 [0084] Thus, in this Embodiment 5, the characteristics of coil inductance are taken into consideration when the rota- 
tion speed of the motor is estimated for the inter-terminal voltage detection value and the drive current detection value 
of the motor 8, and the rotation speed of the motor is estimated accurately only at a frequency at which steering oscil- 
lation occurs. Therefore, gain at a high frequency range can be made lower than when the rotation speed of the motor 
is estimated simply by computing the reverse characteristics of inductance, thereby making it possible to reduce the 

40 influence of noise having a high frequency 

[0085] A current detection value or instruction value to be applied to the motor is set such that the reverse charac- 
teristics of coil impedance agree with the gain and phase of the filter only at a frequency at which steering oscillation 
occurs at the time of steering. Therefore, as the gain and phase of the filter can be freely changed at a frequency other 
than the above frequency at which steering oscillation occurs, the rotation speed of the motor can be estimated accu- 

45 rately at a frequency at which damping is made effective. 

Embodiment 6 

[0086] Fig. 10 is a block diagram showing the constitution of an electric power steering control system according to 

so Embodiment 6 of the present invention. In Fig. 10, reference numeral 1 denotes a torque sensor for detecting steering 
torque when a driver steers art automobile, 2 a phase compensator for phase compensating the output signal of the 
torque sensor 1 to improve the frequency characteristics of the signal, and 3 a torque controller for computing an assist 
torque current to be applied to the motor 8 for generating torque for assisting the above steering torque based on the 
phase compensated output of the torque sensor 1 . 

55 [0087] Denoted by 15 is a drive current HPF for removing a steering frequency component from a drive current 
detection value detected by the current detector 9, 1 6 a motor angle HPF for removing a steering frequency component 
from a rotation angle detection value detected by a rotation angle detector 14 for detecting the rotation angle of the 
motor 8, 1 7 a rotation speed observer for estimating the rotation speed of the motor based on the output of the above 
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drive current HPF 15 and the output of the motor angle HPF 1 6 and outputting a motor rotation speed estimation signal, 
which is constructed for an oscillation equation containing the inertia moment of the motor as an inertia term and the 
rigidity of the torque sensor as a spring term, 4 a damping controller for computing a damping current based on the out- 
put of the rotation speed observer, and 6 an adder for computing a target current by adding the assist torque current 

5 computed by the above torque controller 3 and the damping current computed by the damping controller 4. Reference 
numeral 7 denotes a current controller for setting a drive voltage instruction value to be applied to the terminals of the 
motor 8 such that the drive current detection value to be applied to the motor 8 to generate assist torque and detected 
by the current detector 9 becomes equal to the target current and outputting it as a PWM signal. 
[0088] A description is subsequently given of the above rotation speed observer 1 7. 

io [0089] The mechanism of steering is represented by balance between steering torque which is input by the opera- 
tion of the steering wheel by the driver and reaction torque essentially composed of assist torque generated by the 
motor and reaction force from tires. Steering oscillation generally occurs at a frequency higher than 30 Hz. Since 
changes in the angle of the steering wheel and changes in reaction force from the road becomes so small that they are 
negligible at this high frequency, the motor can be regarded as an oscillation system supported by the torque sensor 

is having spring characteristics. Therefore, if the rotation speed observer is constructed based on a kinetic equation cor- 
responding to this, for example, an oscillation equation containing the inertia moment of the motor as an inertia term 
and the rigidity of the torque sensor as a spring term, the rotation speed of the motor can be estimated at a frequency 
range higher than a steering frequency without using a differentiator required to obtain a coil voltage drop from a coil 
current. 

20 [0090] The above drive current HPF 1 5 and the above motor angle HPF 16 are a high-pass filter having a folding 
point frequency of 0.2 to 30 Hz which is the maximum frequency of steering by a general driver like the above-described 
rotation speed HPF 11. Therefore, a steering frequency component can be properly removed from the rotation speed 
of the motor. 

[0091 ] A description is subsequently given of the operation of the above electric power steering control system with 
25 reference to the flow chart of Fig. 1 1 . In this Embodiment 6, algorithm for computing a target current by means of the 
target current computing means 20 will be described, like the above Embodiments 1 to 5. 

[0092] The output of the torque sensor is read and stored in the memory in step S601 , a drive current detection 
value is read and stored in the memory in step S602, and a rotation angle detection value is read and stored in the 
memory in step S603. In step S604, the phase compensator 2 read the output of the torque sensor stored in the mem- 
30 ory, carries out computation for phase compensation and stores the result of computation in the memory as the output 
of the phase compensator. In step S605, the torque controller 3 reads the output of the phase compensator stored in 
the memory, computes an assist torque current from the map and stores it in the memory. 

[0093] In step S606, the drive current HPF 1 5 reads the drive current detection value stored in the memory, passes 
it through a high-pass filter to remove a steering frequency component from the above drive current detection value and 

35 stores the obtained value in the memory as the output of the drive current HPF (l flH ). In step S607, the motor angle HPF 
1 6 reads the rotation angle detection value stored in the memory, converts it into the rotation angle of the steering shaft, 
passes it through a high-pass filter to remove a steering freuqency component from the converted rotation angle detec- 
tion value and stores the obtained value in the memory as the output of the motor angle HPF (e f Ht ) . 
[0094] In step S608, the rotation speed observer 1 7 reads the output l fMt of the drive current HPF and the output e fi |, 

40 of the motor angle HPF stored in the memories, computes a motor rotation speed estimation signal (ca est obs ) from the 
following equation (1 3) and stores it in the memory. 

u \(k) = G obs1 x 9 m (k) + G obs2 x \ m (k) (13) 

45 x(k+1) = Q obs3 • x(k) + G obs4 • u 1 (k) 

»e S ._obsM = G obs5 -x(k) + G obs6 -O^k) 

[0095] The above parameters , G obs2 . Gob S 3, G obS 4, G 0 b S 5 and Gc^ are obtained when the minimum-dimen- 
50 sional observer for a single-freedom oscillation equation containing the inertia moment of the motor as an inertia term 
and the spring constant of the torque sensor as a spring term shown in the following equation (14) is digitized and 
prestored in the ROM. The above x(k) is an intermediafe state value when the motor rotation speed estimation signal 
<»est_obs is obtained from the output l fi | t of the drive current HPF and the output e (i | t of the motor angle HPF. When k=0, 
the initial value prestored in the ROM is read for computation. 

55 

d 2 e vlb /dt 2 = -c/j(de vib /dt) + (K TSEN /J) • e vib + (K T /J) . i ¥b (1 4) 

' wherein 9 vjb is the rotation angle of the motor from which a steering frequency component is removed (in terms of the 
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steering shaft), l v[b is the drive current of the motor from which a steering frequency component is removed, J is the iner- 
tia moment of the motor when seen from the steering shaft, C is the damping constant of the torque sensor when seen 
from the steering shaft, K TSEN is the spring constant of the torque sensor when seen from the steering shaft and K T is 
the torque constant of the motor when seen from the steering shaft. 

[0096] In the subsequent step S609, the damping controller 4 reads the motor rotation speed estimation signal 
<»est_o&s stored in the memory and computes a damping current by multiplying the signal by a control gain. In step S61 0, 
the adder 6 adds the assist torque current and the damping current stored in the memories to obtain a target current 
and stores the target current in the memory. 

[0097] The operation of the above steps from S601 to S610 is repeated for each control sampling, and the target 
current of the motor 8 is computed from the phase compensated output of the torque sensor and the motor rotation 
speed estimation signal from which a steering frequency component has been removed. 

[0098] Thus, in this Embodiment 6, the rotation speed of the motor is estimated from the inter-terminal voltage 
detection value of the motor and the rotation angle detection value of the motor. In an electric power steering system 
equipped with a brushless motor and capable of detecting the rotation angle of the motor, for example, the rotation 
speed of the motor can be estimated from both the rotation angle of the motor and the current of the motor. Therefore, 
even when the rotation angle of the motor cannot be detected accurately because steering oscillation or the rotation 
angle of the motor is extremely small, the rotation speed of the motor can be obtained with higher accuracy than when 
the rotation speed of the motor is estimated by differentiating the rotation angle of the motor. 
[0099] In the above Embodiment 6, when the rotation speed observer 1 7 computes the motor rotation speed esti- 
mation signal, the minimum-dimensional observer which is a one-dimensional observer is constructed for the two- 
dimensional model of the above equation (14). The same-dimensional observer which is a two-dimensional observer 
may be constructed. 

Embodiment 7 

[0100] Embodiment 7 of the present invention will be described below. 

[01 01 ] Fig. 12 is a block diagram showing the constitution of an electric power steering control system according to 
Embodiment 7 of the present invention. In the above Embodiment 6, the rotation speed observer 1 7 for estimating the 
rotation speed of the motor from which a steering frequency component has been removed based on the output of the 
drive current HPF and the output of the motor angle HPF is provided to output a motor rotation speed estimation signal 
from which a steering frequency component has been removed. In this Embodiment 7, as shown in Fig. 12, a torque 
HPF 1 8 for removing a steering frequency component from the output of the torque sensor 1 is provided and a rotation 
speed observer 17 for computing a rotation speed estimation signal from the output of the torque HPF and the output 
of the drive current HPF from which a steering frequency component has been removed by passing a drive current 
detection value detected by the current detector 9 through the drive current HPF 15, which is constructed for an oscil- 
lation equation containing the inertia moment of the motor as an inertia term and the rigidity of the torque sensor as a 
spring term, is provided to compute a damping current based on the output of the rotation speed observer. 
[01 02] A description is subsequently given of the rotation speed observer 1 7. 

[0103] At a high frequency range at which steering oscillation occurs, the steering wheel rarely moves due to the 
holding of the steering wheel by the driver and the influence of the inertia of the steering wheel itself. Therefore, the 
helix angle of the torque sensor having spring characteristics can be regarded as the rotation angle of the motor, the 
output of the torque sensor is divided by the spring constant of the torque sensor to remove a steering frequency com- 
ponent, and a signal equivalent to the rotation angle of the motor of the above Embodiment 6 can be obtained by invert- 
ing the sign of the obtained value. The above rotation observer 17 uses an oscillation equation containing the inertia 
moment of the motor as an inertia term and the rigidity of the torque sensor as a spring term to estimate the rotation 
speed based on the signal equivalent to the rotation angle of the motor and the drive current detection value detected 
by the current detector 9. 

[01 04] Only algorithm for computing a target current will be described with reference to the flow chart of Fig. 1 3. 
[01 05] The output of the torque sensor is read and stored in the memory in step S701 , and a drive current detection 

value is read and stored in the memory in step S702. In step S703, the phase compensator 2 reads the output of the 
torque sensor stored in the memory, carries out computation for phase compensation and stores the result of compu- 
tation in the memory as the output of the phase compensator. In step S704, the torque controller 3 reads the output of 
the phase compensator stored in the memory, computes an assist torque current from the map and stores it in the 
memory. In step S705, the drive current HPF 15 reads the drive current detection value stored in the memory, passes 
it through a high-pass filter to remove a steering frequency component and stores the obtained value in the memory as 
the output of the drive current HPF (l fiH ). In step S706, the torque HPF 18 reads the output of the torque sensor stored 
in the memory, passes it through a high-pass filter to remove a steering frequency component and stores the obtained 
value in the memory as the output of the torque HPF (J m ). 
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[0106] In step S707, the rotation speed observer 1 7 reads the output of the drive current HPF (l fi |,) and the output 
of the torque HPF (T fBt ) stored in the memories, computes a motor rotation speed estimation signal (co est _ obs ) from the 
following equation (15) and stores it in the memory. 

5 "i(k) = GobsiX(-T ffl (k)/K TSEN ) + G obse xl filt (k) (14) 

x(k+1) = G obs3 - x(k) + G 0bs4 • u , (k) 

«> sst _ obs (k) = G obs5 • x(k) + G ^ • e fllt (k) 

10 

[0107] The above parameters G^^, G^, G^, G obs4 , G^, G^^, and x(k) are the same as in the above 
equation (13). 

[0108] In the subsequent step S708, the damping controller 4 reads the motor rotation speed estimation signal 
©est_obs stored in the memory and computes a damping current by multiplying the signal by a control gain. In step S709, 
is the adder 6 adds the assist torque current and the damping current stored in the memories to obtain a target current 
and stores the target current in the memory. 

[0109] The operation of the above steps from S701 to S709 is repeated for each control sampling, and the target 
current of the motor 8 is computed from the phase compensated output of the torque sensor and the motor rotation 
speed estimation signal from which a steering frequency component has been removed. 

20 [01 1 0] Thus, in this Embodiment 7, since the rotation angle of the motor is estimated from the output of the torque 
sensor, even in an electric power steering system having no sensor for detecting the rotation angle of the motor, the 
rotation speed of the motor can be estimated and an expensive motor rotation angle sensor is not necessary. 
[0111] In this Embodiment 7, the same-dimensional observer may be constructed like the above Embodiment 6. 
Although the output of the torque sensor is used as a steering torque signal in this Embodiment 7, the output of the 

ss phase compensator whose frequency characteristics have been improved by the phase compensator 2 may be used 
as the steering torque signal. 

Embodiment 8 

30 [01 1 2] Fig. 1 4 is a block diagram showing the constitution of an electric power steering control system according to 
Embodiment 8 of the present invention. In Fig. 1 4, reference numeral 1 denotes a torque sensor for detecting steering 
torque when a driver steers an automobile, 2 a phase compensator for improving the frequency characteristics of the 
output signal of the torque sensor, 3 a torque controller for computing an assist torque current based on the phase com- 
pensated output of the torque sensor 1 , and 4 a damping controller for computing a damping current based on the out- 

36 put of a rotation speed HPF from which a steering frequency component has been removed by applying a motor 
rotation speed estimation signal detected by a motor rotation speed sensor 1 0 to a rotation speed HPF 1 1 . Denoted by 
6 is an adder for adding the assist torque current computed by the torque controller 3 and the damping current com- 
puted by the damping controller 4 to obtain a target current. Reference numeral 7 indicates a current controller for set- 
ting a drive voltage instruction value to be applied to the terminals of the motor such that a drive current detection value 

40 detected by a current detector 9 for detecting a drive current to be applied to the motor 8 to generate assist torque 
becomes equal to the target current and outputting it as a PWM signal, for example. In this Embodiment 8, car speed 
detection means 1 9 is further provided to change the parameters of the phase compensator 2, the torque controller 3, 
the rotation speed HPF 11 and the damping controller 4 according to a car speed signal V s from the car speed detection 
means 19. 

45 [01 1 3] Since the frequency range of steering by the driver differs and reaction force from the tires changes accord- 
ing to car speed, the relationship between the phase compensated output of the torque sensor 1 and the assist torque 
current of the torque controller 3 is changed accordingly. When the relationship between the phase compensated out- 
put of the torque sensor 1 and the assist torque current changes, a frequency range at which steering oscillation easily 
occurs and the probability of oscillation vary. 

so [0114] In this Embodiment 8, by making these parameters variable by car speed, the optimum control can be car- 
ried out according to the frequency range of steering by a driver which differs according to car speed and a frequency 
range at which steering oscillation easily occurs. 

[0115] As for the operation of this Embodiment 8, algorithm for computing a target current will be described with 
reference to the flow chart of Fig. 15. 
55 [01 1 6] The output of the torque sensor is first read and stored in the memory in step S80 1 , the motor rotation speed 
estimation signal is read and stored in the memory in step S802, and the car speed signal is read and stored in the 
memory in step S803. A parameter for determining the frequency characteristics of the phase compensator 2 is read 
from the map based on the car speed signal V s in step S804, the output of the torque sensor stored in the memory is 
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read to carry out computation for phase compensation, and the result of computation is stored in the memory as the 
output of the phase compensator in step S805. The torque controller 3 reads the relationship between the phase com- 
pensated output of the torque sensor 1 and an assist torque current from a two-dimensional map based on the car 
speed signal in step S806, and also reads the output of the phase compensator stored in the memory to compute an 

5 assist torque current from the map and stores the assist torque current in the memory in step S807. The rotation speed 
HPF 1 1 reads a parameter for determining a frequency range to be removed by the rotation speed HPF 1 1 from the 
map based on the car speed signal V s in step 808, and also reads the motor rotation speed estimation signal stored in 
the memory to carry out the computation of a high-pass filter and stores the result of computation in the memory as the 
output of the rotation speed HPF in step S809. The damping controller 4 reads a control gain from the map based on 

10 the car speed signal in step S81 0, and also reads the output of the rotation speed HPF stored in the memory and com- 
putes a damping current by multiplying the output by the control gain in step S81 1. In step S812, the adder 6 adds the 
assist torque current and the damping current stored in the memories to obtain a target current and stores the target 
current in the memory. 

[01 17] The operation of the above steps from S801 to S812 is repeated for each control sampling, and the target 
is current of the motor 8 is computed based on the car speed signal V s from the phase compensated output of the torque 
sensor and the motor rotation speed estimation signal from which a steering frequency component has been removed. 
[01 18] Thus, in this Embodiment 8, since the frequency range to be removed by the steering component removing 
means is changed according to the car speed signal V B and the parameters of the control system are also changed 
according to the car speed signal V s , the optimum control can be carried out according to the frequency range of steer- 
20 ing by a driver which differs according to car speed and a frequency range at which steering oscillation easily occurs. 
[01 19] In the above Embodiment s, control parameters are changed according to the car speed signal V s unlike the 
above Embodiment 1. The control parameters may be changed according to the car speed signal V s in the electric 
power steering control systems of the above Embodiments 2 to 7. 

[01 20] As having been described above, according to the first aspect of the present invention, rotation speed detec- 
25 tion means for estimating or measuring the rotation speed of the motor is provided and steering component removing 
means for removing a steering speed component from the estimated or measured rotation speed of the motor is also 
provided so that a damping compensation current to be applied to prevent the oscillation of a steering system is com- 
puted after a steering speed component is removed from a motor rotation speed measurement or estimation signal. 
Therefore, even when a damping current is increased to improve a torque proportional gain, the damping current does 
30 not function as the resistance of steering torque, whereby the steering torque can be reduced without making the driver 
feel the vibration of the steering wheel. 

[0121] According to the second aspect of the present invention, since the steering component removing means is 
a frequency separator for separating the frequency of the rotation speed of the motor and removing a steering fre- 
quency component, the steering frequency component can be removed from the rotation speed of the motor by a sim- 

35 pie-structured filter which is commonly used for control. 

[0122] According to the third aspect of the present invention, since the steering component removing means is a 
high-pass filter whose folding point frequency is set to a range of 0.2 to 30 Hz which is the maximum frequency of steer- 
ing by a general driver, a steering frequency component can be properly removed from the rotation speed of the motor. 
[0123] According to the fourth aspect of the present invention, the rotation speed detection means is a rotation 

40 speed estimation unit for estimating the reverse voltage of the motor by subtracting a coil voltage drop equivalent value 
in the motor computed based on a motor current detection value or instruction value from a motor inter-terminal voltage 
measurement value or instruction value and computing a motor rotation speed estimation value based on the estimated 
reverse voltage. Therefore, an expensive motor rotation speed sensor is not necessary and the cost of an electric power 
steering system can be reduced. 

45 [0124] According to the fifth aspect of the present invention, the coil voltage drop equivalent value is computed by 
reverse characteristics computing means for obtaining a coil voltage corresponding to the reverse characteristics of coil 
impedance from a current detection value or instruction value to be applied to the motor. Therefore, the coil voltage drop 
equivalent value can be obtained at a higher frequency range and a steering frequency component can be properly 
removed from the rotation speed of the motor. 

so [0125] According to the sixth aspect of the present invention, the above reverse characteristics computing means 
has such frequency characteristics that gain and phase thereof agree with the reverse characteristics of coil impedance 
only at a frequency at which steering oscillation occurs at the time of steering. Therefore, the gain or phase of the filter 
can be freely changed at a frequency other than the frequency at which steering oscillation occurs. Accordingly, the 
rotation speed of the motor can be estimated accurately at a frequency at which damping is made effective and the 

55 influence of noise at a high frequency can be minimized. 

[01 26] According to the seventh aspect of the present invention, the rotation speed observer for computing a motor 
rotalion speed estimation value based on the output of the second steering component removing means for removing 
a steering component from the motor rotation angle detection value and the output of the third steering component 
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removing means for removing a steering component from the current detection value or instruction value to be applied 
to the motor is constructed for the oscillation equation containing the inertia moment of the motor as an inertia term and 
the rigidity of the torque sensor as a spring term. Therefore, the rotation speed of the motor can be obtained accurately 
at a frequency range higher than the steering frequency without using a differentiator required to obtain a coil voltage 
drop from a coil current. 

[0127] According to the eighth aspect of the present invention, the rotation speed observer for computing a motor 
rotation speed estimation value based on the output of the third steering component removing means for removing a 
steering component from a current detection value or instruction value to be applied to the motor and the output of the 
fourth steering component removing means for removing a steering component from the output of the steering torque 
detection means is constructed for the oscillation equation containing the inertia moment of the motor as an inertia term 
and the rigidity of the torque sensor as a spring term, and a signal equivalent to the rotation angle of the motor is 
obtained by dividing the output of the torque sensor by the spring constant of the torque sensor. Therefore, the rotation 
speed of the motor can be obtained accurately without using an expensive motor rotation angle sensor. 
[01 28] According to the ninth aspect of the present invention, the car speed detection means is provided to change 
the frequency range to be removed by any one or all of the above steering component removing means according to 
car speed. Therefore, the optimum control of a steering frequency range or a frequency range where steering oscillation 
readily occurs can be carried out according to car speed. 

Claims 

1. An electric power steering control system comprising: 

steering torque detection means for detecting the steering torque of a driver; 
a motor for generating torque for assisting the steering torque; 

rotation speed detection means for estimating or measuring the rotation speed of the motor; and 
steering component removing means for removing a steering speed component from the estimated or meas- 
ured rotation speed of the motor. 

2. The electric power steering control system of claim 1 , 

wherein the steering component removing means is a frequency separator for separating the frequency of the rota- 
tion speed of the motor and removing a steering frequency component from the rotation speed of the motor. 

3. The electric power steering control system of claim 1 , 

wherein the steering component removing means is a high-pass filter whose folding point frequency is set to a 
range of 0.2 to 30 Hz. 

4. The electric power steering control system of claim 1 , 

wherein the rotation speed detection means is a rotation speed estimation unit for estimating the reverse voltage 
of the motor by subtracting a coil voltage drop equivalent value in the motor computed based on a motor current 
detection value or instruction value from a motor inter-terminal voltage measurement value or instruction value and 
computing a motor rotation speed estimation value based on the estimated reverse voltage. 

5. The electric power steering control system of claim 4, 

wherein the coil voltage drop equivalent value is computed by reverse characteristics computing means for obtain- 
ing a coil voltage corresponding to the reverse characteristics of coil impedance from a current detection value or 
instruction value to be applied to the motor. 

6. The electric power steering control system of claim 5, 

wherein the reverse characteristics computing means has such frequency characteristics that gain and phase 
thereof agree with the reverse characteristics of coil impedance only at a frequency at which steering oscillation 
occurs at the time of steering. 

7. The electric power steering control system of claim 1 , 

wherein the rotation speed detection means comprises second steering component removing means for removing 
a steering component from a motor rotation angle detection value, third steering component removing means for 
removing a steering component from a current detection value or instruction value to be applied to the motor, and 
a rotation speed observer for computing a motor rotation speed estimation value based on a motor rotation angle 
and a motor current output from the second and third steering component removing means, which is constructed 
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for an oscillation equation containing the inertia moment of the motor as an inertia term and the rigidity of the torque 
sensor as a spring term. 

The electric power steering control system of claim 1, 

wherein the rotation speed detection means comprises third steering component removing means for removing a 
steering component from a current detection value or instruction value to be applied to the motor, fourth steering 
component removing means for removing a steering component from the output of the steering torque detection 
means, and a rotation speed observer for computing a motor rotation speed estimation value based on a motor cur- 
rent output and steering torque output from the third and fourth steering component removing means, which is con- 
structed for an oscillation equation containing the inertia moment of the motor as an inertia term and the rigidity of 
the torque sensor as a spring term. 

The electric power steering control system of claim 1 which further comprises car speed detection means to 
change a frequency range to be removed by any one or all of the steering component removing means according 
to car speed. 
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